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Abstract 
Overlapping cDNA clones containing mRNA for a putative Lon protease (LonHS) were isolated from cDNA libraries prepared from human brain 
poly(A)’ RNA. The determined nucleotide sequence contains a 2814-bp open reading frame with two potential initiation codons (positions 62-64 
and 338-340). The 5’-terminal 337nucleotide fragment of LonHS mRNA is highly enriched with G and C nucleotides and could direct synthesis 
of the LonHS N-terminal domain. More likely this region promotes initiation of protein synthesis from the second AUG codon in a cap-independent 
manner, The amino acid sequence initiated at the second AUG codon includes 845 residues, over 30% of which are identical to those of eubacterial 
Lon proteases. Residues of the ‘A’ and ‘B’ motifs of NTP-binding pattern and a plausible catalytic serine residue are conserved in LonHS. Northern 
blot analysis revealed LonHS mRNA in lung, duodenum, liver and heart, but not in thymus cells. 
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1. Introduction 
Ubiquitin, 20s and 26s protease complexes are the 
best studied ATP-dependent systems which contribute to 
the control of protein turnover in eukaryotic cells [l]. 
Besides these, other proteases appear to be involved in 
ATP-consuming proteolysis. Homologs of the bacterial 
Clp protease were found in various eukaryotic cells [2,3]. 
An extensively characterized E. coli Lon protease which 
is involved in the rapid degradation of short-lived regula- 
tory and abnormal proteins [4-71 also appears to have 
homologs in eukaryotes. ATP-dependent enzymes simi- 
lar to Lon protease were purified from adrenal cortical 
[8] and placental [9] mitochondria. In recent studies of 
human brain mRNAs, a 351 bp fragment was sequenced 
whose putative amino acid product was similar to a re- 
gion including the ‘A’ motif [lo] of the NTP-binding 
pattern of the Lon polypeptide [l I] (see also below). 
*Corresponding author. Fax: (7) (095) 310 70 07; 
E-mail: amerik@enzyme.siobc.msk.su. 
Abbreviations: LonBB, B. brevis Lon protease; LonEC, E. coli Lon 
protease; LonHS, H. sapiens putative Lon protease; LonMX, M. xan- 
thus Lon protease; ORF, open reading frame; UTR, untranslated re- 
gion; NTP, nucleoside triphosphate. 
The nucleotide sequence presented here has been deposited in the 
EMBL Nucleotide Sequence Database under accession numbers 
X74215 and X76040 (H. sapiens mRNA for Lon protease-like protein) 
This communication presents unequivocal evidence of 
existence of eukaryotic Lon protease homolog. Cloning 
and sequencing of the cDNA for a putative Lon protease 
from human brain are reported. Tissue specificity of its 
expression is demonstrated. 
2. Materials and methods 
RNA was purified according to the guanidine thiocyanate method 
[12]. Poly(A)’ RNA was isolated and used as a template for cDNA 
synthesis [13]. Double-stranded cDNA was ligated with SmaI-digested 
plasmid pSP64 and used for the transformation of E. coli MH I cells. 
The library was blotted onto nylon membrane and hybridized with a 
“P-labeled synthetic oligonucleotide probe. 
Sequencing was performed according to the method of Sanger et al. 
[14]. Sequences were analyzed using MicroGenie software. 
For Northern blot analysis poly(A)’ RNA (5 mg per line) was elec- 
trophoresed on 1.2% agarose-formaldehyde g ls [13] and transferred to 
a nylon membrane by vacuum blotting. Blots were hybridized with 
either LonHS or actin “P-labeled cDNA probes at 42°C overnight in 
the presence of formamide. 
Multiple amino acid sequence alignments were generated in a step- 
wise manner by the OPTAL program [15]. The SwissProt database 
(release 26) was searched using the BLITZ program, while the EMBL 
database (release 35) was scanned with the QUICK program. 
3. Results and discussion 
3.1. Isolation and sequencing of cDNA encoding putative 
Lon protease 
In order to isolate human cDNA for putative Lon 
0014-5793/94/$7.00 0 1994 Federation of European Biochemical Societies. All rights reserved. 
SSDI 0014-5793(94)00073-5 






49 a s s r 9 g g B f s g g e d a s e g g B e e g B g g B 9 g s a g B g 
308 GMGGCCCGGTCATAACGGCGCTCACGCCC~ACGATCCCCGATGTGTTTCCG~CCTGCCGCTCATCGCCATCACCCGC~CCCGGTGTTCCCGCGCTTT 
83 e g pvi t alt pll T I P 0 V F P H L P L I A IT R N P V F P R F 
410 ATCAAGATTATCGAGGTTMAAATMGAAGTTGGTTGAGCTGCTGA~GGA~GTTCGTCTCGCCCAGCCTTATGTCGGCGTCTTTCTAMGA~GATGAC 
117 I KI I E V KN K K L VE L L R R KV R L AQ P Y V GV F L K R 0 0 
512 AGCAATGAGTCGGATGTGGTCGAWLGCCTGGATGAAATCTACCACACGGGGACGTTTGCCCAGATCCATGAGATGCAGGACCTTGGGGACMGCTGCGCATG 
151s N E S 0 VV E S L D E I Y H T G T F A 0 I Ii E ,4 9 D L G D K L R II 
614 ATCGTCATGGGACACAGMGAGTCCATATCAGCAGACAGCTGGAGGTGGAGCCCGAG~GCCG~GGCG~~ACMGCACAAGCCCCGCAGGMGTC~G 
185lV M G H R R V HIS R P L E V E P E E P E A E N K II K P R R KS K 
716 CGGGGCMGAAGGAGGCGGAGGACGAGCTGAGCGCCAGGCACCCGGCGGAGCTGGCGATGGAGCCCACCCCTGAGCTCCCGGCT~GGTGCTCATGGTGGAG 
219 R G K K E A E D ELS A R HP A E LA H E P T P E L P A E V L M V E 
818 GTAGAGMCGTTGTCCACGAGGACTTCCAGGTCACCCACCCT 
253 V E NV V H ED F P V T E E V K A L T A E I V K TIR D II A L N P 
920 CTCTACAGGCIGTCAGTGCTGCAGATGATGECCGCGACATGGGCGCCGCGCTCACCGGGGCCGAG 
287 L Y R ES V L ‘!" H Q A G Q R V V D N P I Y LSD M G A A L T GA E 
1022 TCCCATGAGCTGCAGGACGTCCTGGAA~GACCAATATTCT~GCMGCTGCAG 
321s H E L P 0" L E E T NIP K R L V K A L S L L K K E FE L SK L P 
1124 CAGCGCCTGGGGCGGGAGGTG~GGA~AGATCAAGCAGACCCACCGTAAGTACCTGCTGCAGGAGCAGCTMAGATCATCAAGMGGAGCTGGGCCTGGAG 
355 0 R L G R E V E E K I K P T H R K Y L L 0 E 0 L K I I K K ElG L E 
1226 AAGGACGACAAGGATGCCATCGAGGAGAAGTTCCGG~GCGCCTGAAGGAGCTCGTGGTCCCCMGCACGTCATG~TGTTGTGGAC~GGAGCTGAGCAAG 
389 K D D K D AIE E K F R E R L K E L V V P K H" M D V V DEE L SK 
1328 CTGGGCCTGCTGWICMCCACTCCTCGGAGTCACCTG 
423 L G L L D" H S SE F NV t R W Y L D U L T SIP U G K Y S N E N L 
1430 GACCTGGCGCGGGCACAGGCAGTGCTGGAGG~~CCACTACGGCAtG~GGACGlCAA~CGCATCCTGGAGlTCATTGCCGTTAGCCAGCTCCGCGGC 
457D L AR A P A V L E ED H Y G II E D" K K R 1 L E F ,A V S ‘, L R G 
1532 TCCACCCAGGGCAAGATCCTCTGCTTCTATGGCCCCCCTGGCGTGGGTAAGACCAGCATTGCTCGCTCCATCGCCCGCGCCCTGMCCGAGAGTACTTCCGC 
491s T P G KIL C F Y G P P G V G K T SIA R S I AR AL N R E Y F R 
1634 TTCAGCGTCGGGGGCATGACTWCCTGGCTGGCTGAGATCAAGGGCCACAGGCG~CCTACGTGGGCGCCATGCCCGGGMGATCATCCAGTGTTTGMGAA~CC 
525 F SV G G M T D VA E I KG H R R T Y VGAM P G K I I Q C L K K T 
1736 AAGACGGAGAACCCCCTGATCCTCATCGACGAGGTGGACAAGATCGGCC~GGCTACCAGGGGGACCCGTCGTCGGCACTGCTGGAGCTGCTGGACCCAGAG 
559 K TEN P L IL I D E VD KIG R G 'I P G D P S S A L L E L L D P E 
1838 CAGAATGCCAACTTCCTGGACCACTACCTGCCCCCCATCCCCGAGCCG 
593 P N A N F L D H Y L D V P VD L SK V L FIG T A N V T D TIP E P 
1940 CTGC~GACCGTATGGAGATGATCMCGTGTCAGGCTACGTGGCCCAG~GAAGCTGGCCATTGCGGAGCGCTACCTGGTGCCCCAGGCTCGCGCCCTGTGT 
627 L R D R M E MIN V S G Y VA P E K L Al A E R Y L VP P A R A L C 
2042 GGCTTGGATWGAGCAAGGCCAAGCTGTCATCGGACCTGCTGACGCTGCTCATCAAGCAGTACTGCCGCGAGAGCGGTGTCCGCAACCTGCAGMGCAAGTG 
661G L D E SK AK L S S D V L T L LIK P Y C R E S G V R N L D K 0" 
2144 GAGAAGGTGTTACGGAMTCGGCCTACMGATTGTCAGCGGCGAGGCCGAGTCCGTGGAGGTGACGCCCGAGAACCTGCAGGACTTCGTGGGGMGCCCGTG 
695 E K V L R K S AY K I V S G E A E SVE VT P E N L P D F V G K P V 
2246 TtCACCGTGGAGCGCATGTAlGACGTGACACCGCCCGGCGTGGlCATGGGGCTGGCCTGGACCGCAAtGGGAGGCTCCACGCTGTTTGTGGAGACATCCCTG 
729 F T V E R MY D V T P P GVVW G L AUT AM G G S T L F V E T S L 
2348 AGACGGCCACAGGAC*AGGATGCCAAGGGTGACMGGATGGCAGCCTGGAGGTGACAGGCCAGCTGGGGGAGGTGAtGAAGGAGAGCGCCCGCATAGCCTAC 
763 R R P G D K D AK G D KD G S L E V T G 9 L GE V M K E S A R I A Y 
2450 ACCTTCGCCAGAGCCTTCCTCATGCAGCACGCCCCCGCCAATGACTACCTGGT~CCTCACACATCCACCTGCATGTGCCCGAGGGCGCCACCCCCAAGGAC 
797 t FAR A F L M 0 HA PAN D Y L VT S H I H L N V P E GA T P KD 
2552 GGCCCAAGCGCAGGCTGCACCATCGTCACGGCCCTGCTGTCCCTGGCCATGGGCAGGCCTGTCCGGCAGAATCTGGCCATGACTGGCGMGTCTCCCTCACG 
831G P S A G C T I VT AL L S LA 11 G R P V R P N L AM T GE V S L T 
2654 GGCAAGATCCTGCCTGTTGGTGGCATCAAGGAGAAGACCATTGCGGCCMGCGCGCAGGGGTGACGTGCATCATCCTGCCAGCCGA~C~~A~ 
865 G K 1 L P VG G I K E K T I AA K R A G V T C I I L P AE N K KD F 
2756 TACGACCTGGCAGCCTTCATCACCGAGGGCCTG~GGtGCACTTCGTGGAACACTACCGG~~TCtTCGACAtCGCCTTCCCGGACGAGCAGGCAGAGGCG 
899Y D L AA F I T E G L E V H F YE H Y R E I F D I A F PD E PA E A 
2850 CTGGCCGTGGMCGGTGACGGCCACCCCGGOACTGCAGGCGGCGGATGTCAGGCCCTGTCTGGGCCAGAACT~GCGCTGTGGGGAGCGCGCCCGGACCTGG 






Fig, 1. Nucleotide sequence of the LonHS cDNA and deduced amino acid sequence. Numbering of the cDNA starts with the first nucleotide of clone 
lhsl.6. ATG codons implicated in initiation of translation are double underlined. The possible N-terminal region of the LonHS amino acid sequence 
starting with the first ATG codon (position 62264) is depicted in small letters. The polyadenylation signal sequence AATAAA is bold underlined. 
The regions corresponding to the previously reported 351 and 308 bp pieces of LonHS mRNA [1 l] are underlined. 
protease, (LonHS) the oligonucleotide ATAGAAG- 
CAGAGGATCTTGCCCTGG was used. This was de- 
rived from a previously sequenced 351-bp piece of 
human mRNA which was claimed to encode a homolog 
of E. coli Lon protease [ll]. A random hexanucleotide 
and oligo(dT) primed cDNA libraries prepared from 
human brain were hybridized with the oligonucleotide. 
From about 1,500,OOO independent clones analyzed, 
eight clones, lhs1.6, lhs5, lhs8, lhs20, lhs29, lhs37, lhs51 
and lhs64 gave a positive hybridization signal. Sequences 
of these clones confirmed that they were derived from 
mRNA for a protein similar to E. coli Lon protease. 
Based on these data the LonHS cDNA sequence was 
reconstructed. It contains 3393 bp and corresponds to 
apparently the entire mRNA for the human Lon pro- 
tease homolog (Fig. l), the length of which determined 
by Northern blotting is approximately 3500 bases long 
(Fig. 3). LonHS cDNA contains three potential polyad- 
enylation signals in the 3’-UTR. At least two of them 
-ATTAA (positions 3055-3060, the first signal) and 
AATAAA (positions 3371-3376, the third signal) seem 
to be used in vivo. The poly(A) tail was found twelve 
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Fig. 2. Multiple amino acid sequence alignment of E. co/i Lon protease [7] and its homologs from B. brevis [19], hf. xanthus [20] and H. sapiens cells. 
Complete amino acid sequences of bacterial proteins and fragment of LonHS ORF starting with position 93 (see Fig. 1) were aligned. Residues 
identical in LonHS and in either of the bacterial proteases are highlighted by shading. The plausible catalytic serine residue of the protease domain 
is denoted by *. ‘A’ and ‘B’ motifs of the NTP-binding pattern are also illustrated. The standard one-letter amino acid code is used. 
nucleotides downstream from the first signal in clone 
lhs5 (not shown) and seventeen ucleotides downstream 
from the third one in clone lhs29 (Fig. 1). Noteworthy, 
a 308-bp fragment of human cDNA derived from the 
3’-region of LonHS mRNA was identified in the EMBL 
database (Fig. 1). Both 351-bp and 308-bp sequences 
deviate in several positions from the sequence presented 
in Fig. 1 (not shown). 
3.2. Sequence analysis of the cDNA of putative Lon 
pro tease 
Three regions can be defined in the sequence of 
LonHS cDNA: a 61-bp 5’-terminal fragment, a 2814-bp 
ORF and a 51%bp 3’-UTR (Fig. 1). Actual translation 
of the ORF may be initiated from the first (positions 
62-64) or second (positions 338-340) AUG codons in the 
S-region of the mRNA. The second AUG codon of the 
ORF encodes a Met residue which corresponds to the 
initiator Met residues of three known eubacterial Lon 
proteases (Fig. 2). This correspondence suggests that in- 
itiation of translation does not occur at the first AUG 
codon, but rather occurs at the second AUG codon itself. 
The initiation of translation from this, internal, AUG 
codon is expected to proceed in a cap-independent man- 
ner characteristic of a narrow class of mRNAs [16]. The 
5’-terminal 337-nucleotide sequence preceding the sec- 
ond AUG codon contains a high proportion of G and 
C nucleotides and hence could facilitate a high-ordering 
structure essential for the initiation of translation from 
this codon. Despite this, the alternative option, initiation 
of translation from the first AUG codon of the ORF 
cannot be ruled out, but in this case the LonHS is to 
include an N-terminal domain with no counterpart in 
bacterial Lon proteases (Fig. 1). The first and second 
28 A. Yu. Amerik et al. IFEBS Letters 340 (1994) 25-28 
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Fig. 3. Northern blot analysis of poly(A)’ RNA from human brain and 
various rat organs. The lhs8 cDNA fragment was used as a probe; the 
same blots were reprobed with the actin cDNA probe (shown below 
each panel). The samples of poly(A)’ RNA from the various organs are 
presented in the following order: lane 1, human brain; lanes 226, rat 
organs, lung, duodenum, liver, heart and thymus. The positions of 28s 
and 18s rRNAs are shown on the left side. 
AUG codons of the ORF as well as a single AUG codon 
in another reading frame (positions 187-189) which may 
function as a negative translation control element [16], 
are in a poor Kozak context predicting ineffective initia- 
tion of translation [ 171. 
The Lon-related amino acid sequence initiated at the 
second in-frame AUG codon includes 84.5 residues, more 
than 30% of which are identical with those of eubacterial 
Lon proteases (Fig. 2). The N-terminal region is most 
divergent and contains 6 inserts including the longest, a 
45 amino acid span. The middle region of LonHS is 
pronouncedly conserved and includes counterparts of 
NTP-binding pattern [lo] consisting of amino acid se- 
quences ILCFYGPPGVGKT and LILIDEVD for ‘A 
and ‘B’ motifs, respectively. The C-terminal region con- 
tains a likely catalytic serine residue of the protease do- 
main [ 181 located in an extremely conserved amino acid 
stretch IHLHVPEGATPKDGPSAG (Fig. 2). Taken to- 
gether, results of phylogenetic analysis show that LonHS 
retains all features earlier claimed essential for Lon pro- 
tease function. Thus the primary structure of the human 
protein shown in Fig. 2 appears to be the structure of 
authentic Lon protease. 
3.3. Tissue spec@icity of LonHS gene expression 
The tissue distribution of LonHS mRNA was tested 
in Northern blot experiments using poly(A)’ RNA from 
several rat organs. Poly(A)’ RNA from human brain 
served as a positive control. A putative Lon protease 
transcript was detected in most organs tested (duode- 
num, heart, lung and liver), thymus being apparently an 
exception (Fig. 3). This result suggests a ubiquitous role 
for the Lon protease homolog in various tissues, which 
is well compatible with the function of Lon protease in 
degradation of short-lived proteins in eubacterial cells. 
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